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Abstract 
A new algorithm for land classification is presented in this paper and is based on the fusion of Multispectral, 
Panchromatic and Synthetic Aperture Radar (SAR) images. The novel approach relies on Generalized Intensity-
Hue-Saturation (G-HIS) transform and the Wavelet Transform (WT). The fused image is derived by modulating 
the SAR texture with the high features details of the Panchromatic WT and by injecting this product at the place 
of G-HIS high feature details. Finally, a classification is performed on the fused product by using a Maximum 
Likelihood (ML) classifier. The algorithm has been tested on data acquired by Sentinel-1 (SAR) and Landsat-8 
(Multispectral and Panchromatic) over the area of Greater Doha in Qatar in 2017. Results show an increment of 
3% in the overall accuracy for the fused product compared to the Multispectral dataset.   
1 Introduction 
With the increment of world population in an extremely 
fragile environment with finite resources, land man-
agement and mapping is becoming a crucial task [1]. 
With recent technological improvements in remote sens-
ing, reliable, accurate and repeatable coverage of the 
Earth for land classification purposes has now become 
possible and more advanced than ever. Land use classi-
fication is extremely important with global concerns 
about food security, deforestation of green areas, urban 
growth and awareness about environmental degradation. 
Land classification is a key activity for environmental 
management and produces a quantitative analysis of 
both economic and environmental impacts by distin-
guishing different land uses in a particular area of inter-
est. For these reasons land mapping is an important ac-
tivity in urban areas such as Greater Doha, Qatar, which 
has experienced an extremely rapid urbanisation growth 
with massive impacts on its environment: land use 
change (with agricultural land becoming suburbs), dou-
bling of population in the last decade and a huge incre-
ment in carbon emissions [2]. 
Recent years have seen the rapid increase in the number 
of satellites in space for different uses and applications, 
with Earth Observation (EO) and Sciences covering 
about one third of the overall satellites currently in orbit. 
This technologic proliferation has driven an expansion 
and diversification of the applications development and 
all downstream-related activities. This is mainly due to 
the free availability of many datasets in the last decade 
(from the release of the Landsat archive by the U.S. Ge-
ological Survey in 2008 till the production of freely 
downloadable data within the Copernicus program of 
the European Union started only in 2014). The variety 
of EO data is here considered as Multispectral, Pan-
chromatic and Synthetic Aperture Radar (SAR) data are 
processed in order to produce an enhanced land classifi-
cation map. Multispectral and SAR data from space-
borne platforms can be used to accomplish these tasks. 
With Multispectral imagery the spectral reflectance, in 
the visible and infrared regions, of the targets illuminat-
ed by sunlight is measured [3]. SARs, instead, are active 
sensors and operate by transmitting modulated pulses 
and measuring the power of the backscattered signal in 
order to discriminate among different Earth features [3]. 
This backscattering signal is dependent on the rough-
ness characteristic and dielectric properties of the im-
aged features and some radar parameters (working fre-
quency, incidence angle etc.). 
Land classification approaches can be divided in two 
main categories: supervised and unsupervised [4]. The 
former approach, differently from the latter, relies on an 
adequate ground truth data which are used to train the 
classifier [5]. However, this ground truth is not always 
available and unsupervised approaches may then be pre-
ferred. This paper investigates the benefits deriving at 
classification level from the fusion of SAR and Multi-
spectral datasets in a novel way. Building on the work 
introduced in [6], a new fusion technique product is here 
proposed based on Multispectral, Panchromatic and 
SAR images. 
The paper is organized as follows: in section 2, the nov-
el algorithm rationale is presented and the relative block 
diagram explained and discussed; in section 3 the Doha 
case study is introduced while, in section 4, results of 
the fusion technique are presented and commented. Fi-
nally, in section 5, conclusions are briefly presented.
 Figure 1: Flow chart representing the fusion process. 
2 Fusion Algorithm 
The multisensory data fusion, proposed in this paper, 
stands in the middle between pixel level fusion and fea-
tures level fusion and gets the best information from the 
Multispectral image and SAR image for classification 
purposes. Firstly the available SAR, Multispectral and 
Panchromatic products are co-registered and resampled 
to the same spatial resolution to subsequently allow a 
consistent merging. The block diagram of the fusion al-
gorithm is shown in Figure 1, where the input images 
are already pre-processed. 
The first step extracts the Generalised Intensity (GI) 
from the Multispectral image using the Generalized In-
tensity-Hue-Saturation (G-HIS) transform which con-
verts the initial Multispectral image from Red-Green-
Blue (RGB) colour space to HIS colour space [7]. Then 
the Panchromatic image is normalized to the general-
ized intensity through the histogram matching. After, the 
Wavelet Transform (WT) extracts the high-pass and 
low-pass details of both Multispectral and Panchromatic 
images. Regarding the SAR dataset, the Gray-Level Co-
occurrence Matrix (GLCM) [8] is computed on the des-
peckled SAR image to quantitatively evaluate textural 
parameters. In particular, the complement to 1 of the 
homogeneity value relative to the GLCM matrix is used 
in this study as texture parameter. This SAR texture 
modulates the high-pass details extracted from the Pan-
chromatic image. These details replace the GI high-
resolution coefficients of the WT decomposition relative 
to the Multispectral image in the fusion block. Then, the 
Inverse WT is performed to obtain the modulated gen-
eralised intensity (GIFused) which substitutes the initial 
GI before computing the Inverse-Generalized-IHS 
transform to get the final fusion product. The last step is 
represented by a standard classification algorithm. In 
this paper, the standard Maximum Likelihood (ML) [9] 
classifier has been chosen for the sake of simplicity. 
3 Case Study 
The aforementioned fusion method is applied to remote-
ly sensed data acquired from Sentinel-1 (SAR dataset) 
and Landsat-8 (Multispectral and Panchromatic da-
tasets) sensors over the city of Doha in 2017. Doha, cap-
ital city in Qatar, has seen rapid urban growth within the 
last 70 years, with the population increasing from under 
16,000 to 1.5 million [2]. This has placed a heavy bur-
den on natural resources in the area, causing pollution 
and a reduction in the quality of life for poorer inhabit-
ants. This is exacerbated by poor implementation of 
planning legislation increasing the level of urban land 
coverage and limiting access to basic community ser-
vices. Consequently, it is crucial to understand the im-
pacts of the urbanization for future planning of infra-
structure within the region, especially with the prospect 
of events such as the 2022 FIFA World Cup, and pre-
dicted further increase in population.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: RGB Multispectral image (a); Panchromatic band (b); SAR intensity (c); land classification results (d). 
 
Because Doha is, at present, a relatively small town and 
has complex urban-rural spatial patterns derived from 
its highly capitalized commercial and residential base, 
large industry and planned urban growth, it is an ideal 
site to explore the potentials of SAR and Multispectral 
fusion for use in land classification and change detec-
tion. A Landsat-8 image was acquired on the 2nd of June 
2017 and used for this study. Out of 11 bands, only 8 
bands in the visible, near-infrared and short wave infra-
red regions are used. In particular, the Multispectral and 
the Panchromatic bands present a spatial resolution of 
30m and 15m, respectively. This Landsat-8 image is 
used in conjunction with a Sentinel-1 image acquired on 
the 4th of June 2017 with the Interferometric Wide 
Swath (IWS) mode, VV polarization with a spatial reso-
lution of 22m in azimuth and 20m in ground range di-
rection. Both datasets are pre-processed by using SNAP 
software before applying the fusion algorithm: Landsat-
8 bands are atmospherically corrected and the Multi-
spectral bands resampled to 15m resolution; Sentinel-1 
image is radiometrically calibrated, speckle filtered and 
resampled to 15m resolution; finally both datasets are 
co-registered to obtain products with same dimensions 
and resolution to be used in the fusion process. The 
Multispectral, Panchromatic and SAR pre-processed 
images are finally shown in Figure 2 (a), (b) and (c), 
respectively. 
In the next section, classification results are shown, ana-
lyzed and compared with ground truth retrieved by the 
same authors from Google Earth images through a visu-
al inspection analysis.  
4 Results 
Five regions of interest are used to produce the classifi-
cation of Doha area: water bodies, buildings, built soil, 
roads and sand. A sample of each region is located by 
employing the Landsat image and used for training pur-
poses to perform the ML classification. Results are fi-
nally shown in Figure 2 (d) where the water bodies are 
depicted in blue, roads in purple, buildings in pink, built 
soil in orange and sand in yellow. 
The use of SAR texture is an effective method for im-
proving land cover classification performance when 
high spatial resolution images are used in complex ur-
ban landscapes. Indeed, SAR texture not only reduces 
the spectral variation within the same class but also im-
proves the spectral separability among different classes 
[9]. Conversely, in the boundary region where two or 
more classes are present, SAR texture with its smooth-
ing effect reduces the accuracy of the classification and 
the fused image results blurred. 
Figure 3: Google Earth image relative to the red ROI (a); land classification results relative to the red ROI (b); 
Google Earth image relative to the green ROI (c); land classification results relative to the green ROI (d).
 
Overall 
 Accuracy [%] 
Kappa  
Coefficient 
Fused 86.52 0.83 
Multispectral 83.32 0.79 
 
Table 1: Classification accuracy results for the fused 
product and the Multispectral dataset. 
 
A deeper analysis is carried out over two Region of In-
terest (ROIs) highlighted with a red and a green rectan-
gle in Figure 2 (a), (b) and (c). Ground truth data re-
trieved from Google Earth maps and the land classifica-
tion results are shown in Figure 3 (a), (b) and Figure 3 
(c), (d) for the red and the green ROI, respectively. It is 
clear that the proposed algorithm allows a good discrim-
ination between different classes and this is made possi-
ble thanks to the injection of high resolution details 
from the Panchromatic band. In addition, the SAR tex-
ture permits the removal of some false positives from 
homogeneous areas, such as sand and built soil. How-
ever some details about the coastline are lost and this is 
due to the medium spatial resolution of the images em-
ployed in this study. A better preservation of the spatial 
details is obtained if input images with a much better 
spatial resolution are used. Finally a classification accu-
racy assessment is performed for fused product and the 
Multispectral dataset using the same ML classifier and 
the same training samples. At this aim, the overall accu-
racy percentage and the Kappa coefficients values are 
computed for these two products and reported in Table 
1. It results that the overall accuracy for the fused and 
the Multispectral products is 86.52% and 83.32%, re-
spectively. The Kappa coefficient of the fused product is 
5% greater than that one relative to Multispectral image. 
5 Conclusions 
Multi-sensor data fusion framework was discussed and 
analyzed in this paper, where a novel algorithm for the 
fusion of Multispectral, Panchromatic and SAR data is 
presented. The algorithm is tested on a case study over 
the city of Doha in Qatar. It has been demonstrated that 
the high details of the Panchromatic band in conjunction 
with the SAR texture enhance the classification perfor-
mance and results show that the fusion product im-
proves the overall accuracy of 3% compared to a classi-
fication where only Multispectral data were considered. 
Better results can be achieved if images with a much 
finer spatial resolution are used as input. Authors are 
currently working on benchmarking this fusion algo-
rithm over more datasets for a complete analysis of its 
performance. 
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